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Most microorganisms are destroyed by the host tissues through processes which usually involve phagocytosis and 
lysosomal disruption. However, some organisms are capable of growing inside macrophages and avoiding destruction. 
This paper describes the normal phagocytic process and how it is avoided by certain viruses, bacteria and protozoa, and 
the complex cycle of intracellular replication by species of Chlamydia. 
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When a microorganism encounters a host tissue, 
phagocytosis may occur. Phagocytosis is a very 
important event and it is appropriate to remind 
ourselves of the mechanisms involved. 
The beginning of phagocytosis is the unfolding of 
the plasma membrane to which every microorganism 
is attached. As a result, the organism becomes enclosed 
in a membrane-lined vacuole in the cytoplasm of the 
cell. The subsequent events depend on the activity of 
the lysosomal granules. They move toward the phago- 
cytic vacuole, which then becomes a phagolysosome. 
They discharge their contents into the vacuole, thus 
initiating the intracellular W n g  of the microorganism. 
Immediately afterwards, the pH of the vacuole 
becomes acid and this alone has some antimicrobial 
effect. The digestion of the microorganism then 
proceeds. Various techniques show the bacterial cell 
wall disappearing and the contents of the bacterial cell 
ddhing  into the vacuole. One important event is a 
burst of oxidative metabolism mediated by myelo- 
peroxidase which is associated with the production of 
hydrogen peroxide. This also constitutes a very effective 
antimicrobial weapon. 
However, the host is not always victorious. Some 
microorganisms, after a long evolutionary adaptation, 
instead of being killed by the host cell have learnt how 
to induce the cell to protect and nourish them. They 
establish themselves within the cell and spend all or part 
of their life intracellularly. This situation protects them 
against antibodies, and many antibiotics. Because of the 
reduced antibody effect, they force the host to develop 
cellular immunity. Their intracellular life may therefore 
explain the physiopathology of the diseases which they 
cause. 
ENTRY TO THE HOST CELL 
Certain viruses such as herpes, hepatitis, measles and 
poxviruses grow in macrophages. In a few instances, 
such as the highly successful lactic dehydrogenase virus 
of mice, the macrophage is the only cell in the body 
that is infected. Larger and more complex micro- 
organisms, such as Rickettsia, Coxiella burnetii, Chlam- 
ydia, bacteria (Mycobacterium tuberculosis, M .  leprae, 
Listeria monocytogene, Brucella spp.), fungi (Crypfococcus 
neoformans) or protozoa (Leishmania, Trypanosoma, 
Exoplasma), parasitize macrophages and other cells. 
Nourishment of the parasite takes place across the wall 
of the vacuole and host materials must be made 
available to the parasite. Certain coccidia, for instance, 
induce the host cell to extrude material into the 
vacuole and then take it up by endocytosis. For most 
of the microorganisms that parasitize macrophages, 
including leprosy bacilli, tubercle bacilli, Leishmania 
and Toxoplasma, little or nothing is known about 
microbial nutrition inside the cell. 
Although the usual way in which a particle enters 
a cell is by phagocytosis, so that the particle is enclosed 
in a phagocytlc vacuole, there are other methods of 
entry. Electron-microscope studies indicate that some 
bacteria, for instance, adsorb to the cell surface and 
enter the cytoplasm directly after inducing a local 
breakdown in the plasma membrane. The membrane 
is reformed immedately. Shigella and pathogenic 
Salmonella appear to enter intestinal epithelial cells in 
this way, and other bacteria show the same behavior in 
tissue culture cells. Protozoa have a complex structure 
and can utilize their own lysosomal enzymes to 
penetrate host cells. Trypanosomes, Toxoplasma gondii 
and Entamoeba histolytica enter susceptible cells by active 
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penetration. The active end of the parasite has vesicles 
containing lysosomal enzymes that aid the penetration 
process. When a malaria parasite penetrates a red blood 
cell, a speciahzed projection of the malarial merozoite 
must make contact with the red cell surface. The cell 
membrane appears to expand at this site to accom- 
modate the incoming parasite, but it remains intact. 
The process looks like phagocytosis, but it is not 
understood. 
USTERIA AND CHLAMYDIA - INTRACELLULAR 
MECHANISMS 
I have chosen two examples to illustrate these 
mechanisms. The first one is Listeria. When Listeria 
enters the cell, a vacuole is formed and lysosomes 
difhse into it. But Listeria is able to destroy the vacuole 
membrane by a kind of lysis. The bacterium is then fiee 
inside the cytoplasm but it must be protected. The 
bacterium immediately induces its own protection, 
becoming covered by actin fibrils. By this means, the 
Listeria is able to enter another cell. It is now inside two 
membranes. Once again lysis occurs, destroying the 
membranes of both the first and the second host cell. 
The Listeria is then bee inside the cytoplasm to 
multiply, destroy the cell and disseminate. This is an 
example of a non-obligatory intracellular parasite. 
The second example is Chlamydia. The complex 
cycle of Chlamydia involves the elementary body, 
whch can stick onto the host membrane and then 
enter the cell. With Chlamydia pneumoniae the 
elementary body, very well described by the team of 
Professor Grayston, is pointed. The elementary body of 
Chlamydia trachomatis is round in shape. For both 
species, when the elementary bo&es are inside the 
vacuole they undergo a transformation to reticulate 
bodies. They always appear inside the vacuole and are 
not destroyed by the lysosomes, which cannot enter the 
vacuole. The vacuole membrane is always present and 
it is lined by the mitochondria; these probably nourish 
the bacteria and permit them to multiply, as they are 
not able to elaborate their own ATF! Finally, the cell 
will be disrupted and all of these elements can have 
another complete cycle. This complex cycle is unique 
in the bacterial world and is seen only with Chlamydia. 
